Background: This study aims to obtain criteria and indicator as parameters to determine the degree of injury from Visum et Repertum (VeR). The approach is done by adopting quantitative descriptive learning from VeR data. This study is conducted to retrieve the independent variable, either one variable or more. The techniques applied in this study are (Analytical Hierarchy Process) AHP and (Logistic Regession) LR to the opinion of experts according to the VeR data for a new knowledge discovery. Survey methods used in Bhayangkara Hospital Pekanbaru in the period from 2013 until 2016. The data sample used in this study is secondary data which are injury data from VeR. Result: The finding of this study reveals that the model developed using the AHP and LR has good ability to determine and analyze the parameters for the degree of injury from VeR based on experts' opinion. Conclusions: The LR results also showed the physical factors that influence the degree of injury. Which are Respiration Rate (RR) and Systolic Blood Pressure (SBP). The higher Respiration Rate (RR) indicated the degree of injury is lighter. On the contrary, the lower Respiration Rate (RR) indicated the degree of injury is rising. While, the higher Systolic Blood Pressure (SBP) explained the degree of injury is lighter, and the lower level of Systolic Blood Pressure (SBP) explained the degree of injury level increase.
Background
Visum et Repertum (VeR) is a written statement made by the physician upon written request (official) by the investigators about the medical examination of the human person either alive or dead, part of the human body from the findings and interpretations were made under oath in the interests of justice. Thus, Visum et Repertum also serves as a liaison between medical science and jurisprudence. Visum et Repertum of abuse cases can explain the type of violence and patterns of injury that happens to someone, also load the information or the opinion from the doctors about the result of medical examinations. Meanwhile, legal practitioners can also apply the valid legal rules to criminal cases that concerned to the human body. (Herkutanto, 2005; Afandi, 2008) Visum et Repertum is not mentioned in the Criminal Procedure Code (Book of the Law from Criminal Law) or RIB (Indonesia Regulation updated), but only found in Statute 350 in 1937. In its development, on the Visum et Repertum Workshop in Jakarta in 1986 and other meetings, it has been agreed that written expert statements made by doctors for judicial are referred as Visum et Repertum.
Some of the things that will be outlined from the Visum et Repertum survivor are chronological events, the general condition of the patient, the injury found, the actions taken against the patient, the circumstances while in and after the treatment time. The conclusion shall describe the injuries, causes of violence and degree qualification of injuries.
An important part of Visum et Repertum is the degree of injury. Determining the degree of injury shall adjust to the degree of injury according to the formula qualification to Article 351, 352, and 90 the Code of Penal (Indonesian Penal Code). (Afandi, 2010) The third formulation of the article distinguishes the degree of injury suffered by victims into three types which are the minor injury, moderate injury, and severe injury.
The assessment of the degree of injury was subjective in nature, making it difficult to estimate the procurement of resources to deal with the injury. To address this, more objective scoring systems are developed. Some of these systems only consider aspects of anatomy such as Abbreviated Injury Scale (AIS), Injury Severity Score (ISS), and New Injury Severity Score (NISS). Others only consider physiological aspects such as Revised Trauma Score (RTS) and Coded RTS (CRTs).
It was found that the modification of other considerations to improve the precision of such Triss and Kampala Trauma Score. From all the above scoring system, only the ISS has been widely studied for forensic purposes. The entire study was conducted outside Indonesia, so it is not suitable for compliance with Indonesian law.
Differences in the degree of injury can use to assist the judge in determining the sentence for the defendant in court. Disagreement between examining from a physician can arise due to the differences level of knowledge and experience involved in the degree of injury evaluation process.
Results from studies in several government hospitals, private hospitals and enterprise hospitals in Jakarta showed that the average of VeR has low-quality condition. This was obtained where the determination of the injury degree is one of the contributory factors to the low quality of VeR. This occurs because of misleading in concluding the degree of injury, so it will cause injustice to victims and perpetrators of criminal acts. (Afandi, 2010) Currently, there are no clear definition or limitation criteria for the minor injury and moderate injury. Thus, a standard indicator is needed to assess the degree of injury. One proposed way to improve the objectivity of determining the degree of injury is to use computer-based information systems.
Development of computer-based information systems uses to classify the degree of injury automatically which perform by the acquisition of expert knowledge as a computer learning materials (Machine Learning). The initial stage of knowledge acquisition can start by developing the determinants of the degree of injury and factors that influence it. One of them uses the combination of Hierarchical Analytical Process (AHP) model and Logistic Regression models (LR) model. Today, there are several methods used in the field of medicine to determine the degree of injury. To determine the degree of injury requires a reliable method of analysis based on the observation of medical parameters that can be available quickly without waiting for the result of the laboratory analysis. Practically there is no standard method for determining the degree of injury, unfortunately, some weaknesses exist.
Previously, the method to classify the trauma victims based on the severity of injury known as Injury Severity Score (ISS), which is adapted the value of the Abbreviated Injury Scale (AIS), which calculate the severity from anatomy. The ISS scores strongly correlate with the probability of survival for traumatized patients.
The weakness of ISS is limited for multiple injury to one body region, and it ISS will give equal weight to each body region. For example, AIS 4 score in the chest region will give different prognosis when compare with AIS 4 score in head region. (Wardhana & Fatriah, 2018) To improve the limitation of ISS, New Injury Severity Score (NISS) was found by calculating the quadrant of the three injuries that has the highest score of AIS whether it comes from another region. In addition, there are another combination factors between physiological and anatomical parameter which known as TRISS.
A single indicator is currently known as Trauma and Injury Severity Score (TRISS) has resulted in several percentage survival chances (prognosis). This confusion can be reduced by using a more objective evaluation system like Injury Severity Score (ISS), Revised Trauma Score (RTS), Trauma and Injury Severity Score (TRISS), New Injury Severity Score (NISS), etc. From the entire system, ISS, RTS, and Age has been the most frequently assessment systems that widely used is in the practice of forensic. (Theodoraki et al., 2010) A scoring system that has been tested and proven to be more objective than forensic doctors' opinion is TRISS. The formula of TRISS is quite complicated, so most people must use a calculator or a special program to calculate the value of TRISS. This limits the usefulness of TRISS. This is not to determine the degree of injury. Thus, it takes other appropriate indicators and criteria to determine it, so that the results will more accurate.
An Injury severity assessment method is important to predict and classify the injury degree. Differences in criteria used to assess the injury are necessary because it will have associated with possible mortality, reliability, cost, quality of life, and disability. TRISS has deficiency in describing injuries that occur until the problem does not consider the aspect of medical condition that already exist.
The prediction model that available today is not good enough to retrieve the specific result for determining the degree of injury classification, the data are obtained manually and has difficulties to evaluate it for the analysis process. But with the combination of AHP and LR is possible to provide an opportunity to increase the accuracy of trauma degrees by finding the most critical criteria for injury.
The study aims to propose the finding of critical indicator and criteria as parameters to determine degree injury classification model for medical aspect, especially in the field of forensic and analyze the physical factors that affect the degree of injury on VeR. The indicator and criteria evaluate based on three forensic experts from several hospitals.
This study will answer the following questions:
1. What are the critical indicator and criteria of degree injury on VeR based on three experts? 2. What is the level of acceptance of parameters on the use of AHP and LR model? 3. What are the physical factors that affect the degree of injury on VeR?
Methods
This study is done by the adapted Quantitative Descriptive approach to VeR data. This study was conducted to discover the value of an independent variable, either one variable or more variables (independent). The results obtained from this study was represented as qualitative data in the form of number. This study was conducted at Hospital Bhayangkara Pekanbaru in the period 2013 to 2016. The population sample of data used in this study is secondary data. Which is VeR data injury where exist at RS Bhayangkara Hospital Pekanbaru. This data already fulfills the inclusion criteria of VeR and consist of; Pro Justitia, introduction, report, conclusions and closing, and signed by the forensic expert and general practitioner who conducted in the examination process.
The sample in this study used random sampling method from VeR data of survivor which is amount to 260 samples. The data collected comes from the victim of VeR results that exist in the forensic Bhayangkara Hospital Pekanbaru. The results of this study are presented in the form of diagrams, tables, and curves.
The research questions were answered using the quantitative descriptive statistical method that provides analysis of mean score, percentages, and frequency obtained by using Statistical Packages for Social Science Program (SPSS) version 24.0. For analyzing the number of consistency criteria and indicator from VeR.
Roadmap activity
In achieving the objectives of this study, series of activities have been carried out as follow:
1. Identify candidate indicators that can be used to determine the degree of minor, moderate, severe injury through literature studies. 2. Obtaining and Analyzing indicators through the first study. 3. Determine the sample data be used. 4. Apply the AHP and LR methods to the sample data based on experts' opinion to discover knowledge. 5. Test and discuss the result.
Results
Determination of the degree of injury criteria and indicator is done by using Analytical Hierarchy Process (AHP). AHP begins with the process of determining alternative solutions (criteria and indicators) which determines the degree of injury by the bottom-up technique based on the results of three panels of forensic medical specialist (expert panel).
Analytical hierarchy process (AHP)
Analytical Hierarchy Process (AHP) is one of the decision support model that will analyzing and organizing complex multi-factor or multi-criteria problem into mathematical hierarchy. (Soliman et al., 2016) . Hierarchy of values as a representation of a complex problem in a level structure where the first level is the goal, which follows the level factor, sub-criteria, and so on down to the last level. With a hierarchy, a complex problem can be incorporated into groups of groups that are then organized into a hierarchical form that will look more structured and systematic. The measurement is done by comparing the judgement from experts to derive priority ranking. (Saaty, 2008) Multi criteria decision making can be used to improve classification accuracy which deal with large datasets. The results of AHP are the priorities of alternatives. These priorities can be used for the best alternative purpose. It will forms as vector of weights for expressing the critical ranking of alternatives. (Keren & Hadad, 2016) Step -step arrangement that used in AHP method follows:
1. Develop a hierarchy of problems encountered. 2. Determining the priority of the elements.
a. The first step in setting priorities element is making a comparison in pairs, that is comparing the elements in pairs according to the criteria in the provision by using the matrix form b. Fill in pairwise matrix matrices i.e. by using numbers for represents the relative importance of one element c. Synthesis.
Considerations to pairwise comparison in synthesis to gaining overall priority. 1) Sums up the values of each column on the matrix. 2) Divide each value of the column by total the corresponding column to obtain normalization of matrices. 3) Summing the value of each matrix and dividing it by the number of elements for getting the average score. 4) Measure consistency. a) Multiplying the value in the first column with the relative priority of the first element, the value in the second column with priority relative second element, and so on. b) Summing up each row. c) The result of the sum of the rows is shared with its relative priority elements concerned. d) Divide the above results by many elements are there, the result is called eigenvalue.
The determination of the weight for each indicator and criteria is done by using pairwise comparison analysis with the scale of measurement in the form of the original number from 1 to 9. The consistency of weight determination by the expert is evaluated by using the ratio of consistency ratio. If the results of pairwise comparisons provide consistency ratio value < 0.1, then weighting by the experts have performed consistently and the value of weights assigned has met the logical framework.
Logistic regression (LR)
Logistic regression is method for classifications that analyze the multivariate statistical data. (Liu et al., 2014) Logistic regression is frequently applied in many areas in the field of medicine and healthcare in terms of classification and binary outcome. (Hosmer & Lemeshow, 2000; Penny & Chesney, 2008) Logistic regression technique is a modeling in mathematical approach that is used to describe the correlation and the relation between several explanatory variables. This technique discover as the most popular model in medical. (Dreiseitl & Ohno-Machado, 2002) The nature of the dependent variable in logistic regression is usually dichotomous such as 0 or 1. (Kavzoglu et al., 2014) This technique usually used to predict the outcome from a set of variables that may be continuous. (Raghavendra & Srivatsa, 2011) Value of 1 will be taken by the dependent variable with P as the probability of success or 0 as the value of probability of failure 1-P.
This kind of variable also called Bernoulli (or binary) variable. Suppose there are n experimental runs with binary response y (0 or 1) that will rely on a set of variables in the regressor X1.X2... Xk. if we show y = 1 as a success and y = 0 is a failure. Modeling is the response the average P (Xi). Where P (Xi) is the probability of success and Xi will show the covariates or regressors on the data point.
Discussions
Weight and consistency calculation for body region Determine the weight of injury degree criteria using AHP method. The first step in determining the weight of the criteria for determining the degree of injury using the AHP method is to compare between the elements with a scale of one to nine. The comparison is by making a matrix of comparisons in pairs of criteria as shown in Table 1 .
Indicators on Table 1 shown the rank of body Regio which is represent as: A1 = Head and Neck; A2 = Face; A3 = Chest; A4 = Abdomen; A5 = Extremities (Arm, Leg, Feet, Hand). A6 = External; Scales codes that used to determine indicator and criteria on body Regio is set to be 6 levels of include: 1 = both elements are equally important; 3 = one element is slightly more important than the other; 4.5 = one element is more important than the other; 6 = one element is clearly more important, essential than other elements; 7.5 = one element is essential than any other element; 9 = values between two values of adjacent considerations; Table 1 provides the pairwise matrix for the body Regio based on the most critical rank from the three experts. The summarization above was obtained from the three expert panels which are consist of two Forensic Specialist and General Doctor.
From Table 1 showed that the most critical indicator based on experts' results are Head and Neck, followed by Abdomen, Chest, Face, Extremities, and External.
After the number of columns is determined, then the next step is to divide the number in Table 1 with the number of each column, to form a normalized matrix. The table below will continue to the next step. The normalization matrix is shown in Table 2 .
Average from each row above will be calculated to generate the weight for each parameter. Matrix multiplication is done to obtain the weight value. The example of the calculation is as follows: the calculation is done until A6, so the priority table shown in Table 3 below. The next step is to find consistency matrix, the matrix consistency is obtained from pairwise comparison matrix multiplication Table 1 with average priority weight in Table 3 . Consistency matrix is shown in Table 4 .
To determine the consistency vector. This is done by dividing the number of consistency matrix in Table 4 with the value of average that has been obtained in Table 3 . for example, 2:979=0:43982 ¼ 6:77 so, the vector consistency is shown in (Table 5) :
After the consistency vector value is determined. It is necessary to calculate the values of two other things, namely (λ) max and Consistency index (CI) before the last consistency ratio can be calculated. The value of (λ) max is the average value of consistency Vector. Calculation of CI and CR according to Eqs. 1 and 2. λ ð Þ max ¼ Average 6:77 þ 6:83 þ 6:56 þ 6:22 þ 6:05 þ 6:20
The last step of the AHP is to determine the consistency of the ratio. The consistency ratio (CR) obtained by CI divided by Random Index (IR), (IR) is a direct function of the number of alternatives or systems under consideration (Table 6 ).
Based on calculations that have been done where the CR for factor criteria used to show values smaller than 0.1 it can be concluded that the pairwise comparison is consistent so that the value of the evaluation factor criteria used in the case of this calculation can be used for calculation AHP. The other value also calculated with the same method.
The value of weight become the number to determine the rank of the Six Body Regio based on the AHP technique from three experts. It resulted that A1, A4, A3, A2, A5, and A6.
Weight and consistency calculation for other criteria and indicators
Based on the type of injury, it was classified into two types which are Penetrating (PE) injury and Blunt (BL) injury. Then the cause of injury also can divide into several types. For the Type of Penetrating injury (TPW), it can cause by Penetrating Incised Wound (PIW), Besides that, several criteria and indicators also being evaluated with the AHP. Which are Sex (S), Age (A), Glasgow Coma Scale (GCS), Systolic Blood Pressure (SBP), Respiration Rate (RR).
All the criteria and indicators above calculated with the same method as Body Regio Calculation is resulted in Fig. 1 below.
Scoring system for criteria and indicators
Scores that used to determine each indicator criteria set to be 5 levels of severity include: 0 = no injuries; 1 = Light; 2 = mild; 3 = moderate; 4 = heavy; 5 = very heavy;
For criteria and indicators in the form of numerical data injuries, the determination of the score is done by processing data in groups (Table 7) .
If the criteria and indicators that have two values: No and Yes, the value score for No = 0 and Yes = 5.
The total score of total injury degree is determined by summing all the weighted multiplication and scoring of each criterion and indicators by using the formula.
Where DIV = Total score of injury degree Wi = Weight for the i-th criteria or indicator Vi = Score for the i-th criteria or indicator Classification of the degree of injury is determined based on the distribution of DIV, DIV < quantile 1 categorized as the minor injury, the value of which is located between quantile DIV 1 and quantile 2 categorized as 
Determinants analysis degree of injury
To determine the physical factors that affect the value DIV Binary Logistic Regression analysis using the formula:
Where: Y = Probability of Injury Degree Y = 0 if classified as minor or 1 is classified as moderate and severe injury P = Probability × 1 = Sex × 2 = Age × 3 = Systolic Blood Pressure (mmHg) × 4 = Respiratory Rate (breaths per minute) b1, b2, b3, b4 = Regression Coefficients Based on the founding of the experts' panel, determination of criteria and indicators for the degree injury has identified and described in Fig. 1 . Weight value on each criterion and indicators has fulfilled the consistency with relative value.
Based on the statistical analysis of the DIV value it is known that the maximum value is 6 and the minimum = 0, so for the three classes interval value is 2. Thus, for injury with DIV < 2 categorized as the minor injury, DIVs between 2 and 4 categorized as moderate and DIV with ≥4 categorized as a serious injury (Fig. 2) .
Based on Chi-Square Test classification system provides a powerful relationship that is equal to 77.5% and significant at 95% confidence level so that it can be concluded that the classification system using AHP reliable to classify the degree of injury (Table 8) .
The analysis result showed that the physical variables that affect the degree of injury are Systolic Blood Pressure (SBP) and Respiration Rate (RR). While age and sex had no significant effect on the degree of injury. Based on the results of logistic regression analysis showed that the blood pressure variables have a significant influence on the degree of injury which more severe degrees of injury in an injury case, it is directly proportional to the decrease in blood pressure.
Likewise, respiratory frequency variable that has a significant influence on the degree of injury, where the more severe degrees of injuries then directly proportional to the decrease in respiratory frequency. Value odd ratio for blood pressure is 14,087, which means that the decrease in the blood pressure (mmHg) gives the possibility of more severe injuries by 14-fold. While the respiratory rate has an Odd ratio of 0.968 which indicates that the decrease in respiratory frequency once per minute shows the odds of heavier injuries by 0.968-fold. Variations in the degree of injury that can be explained by the logistic model are 82.13% while 7.87% are caused by other unknown factors. It was shown in Table 9 below.
According to the American Heart Association, normal systolic blood pressure ranging between 80 -120 mmHg, and diastolic 60-80 mmHg. Increased blood pressure can be found on the pain caused by trauma, this is due to the increment in the stimulation of baroreceptors. (Saccò et al., 2013) Another study conducted predicted threshold values of systolic pressure in traumatized patients without brain injury that led to death that is > 190 mmHg and > 180 mmHg. (Ley et al., 2012) The results of subsequent studies obtained the value of respiration rate in adults ranged between 18 and 20 S times per minute. (Braun, 1990) (Table 10) .
Model prediction of the degree of injury is generated by using Logistic Regression 
Conclusions
Model Determination of wound degree compiled by AHP approach in this study has a good ability to determine and classify the degree of injury on VeR based on expert opinion.
The results of logistic regression analysis showed that the patients' physical factors that have an influence on the degree of injury are the respiratory rate and blood pressure. Where the higher the blood pressure indicates the degree of injury that is lighter while, the lower blood pressure indicates the degree of injuries increase. The higher frequency rate of respiratory indicates the degree of injury that is lighter and conversely the lower the frequency rate will rise the degree of injury.
Both parameters can be used to complement the predictive scoring system injuries that have been built using AHP. Nevertheless, the model can explain 82.13% while 7.87% of the variation of the degree of injury to the VeR is still unknown.
There is no provision that regulates the examination that should be done by the doctor against the victim's life. The evidence is anything related to his criminal case. While the person as a human being is still recognized as a legal subject with all rights and obligations. The victim's medical examination is done by a doctor using forensic science that has been studied. However, it is not necessary to facilitate some data to be missed from the examination. The examination techniques on victim cases, openness, and other crimes, are in principle like other clinical procedures examined. The examination is done, physical examination and investigation if necessary. Examination of vital signs includes general conditions, level of consciousness, breath frequency, pulse frequency, and blood pressure. By using the indicators and criteria that have been obtained, the doctor will make measurements with the weight of the indicator is very important. Based on the results obtained from AHP.
With this, describe the degree of injury will be clearer, and good. This may have to be supported with an accurate description when describing the injuries found. The description in question is the region, the coordinates, the type of wound, the injured wound, the cut edge, the wound, the size of the wound, the network bridge, the objects and so forth. Blood pressure and respiratory rate can be used to scoring system injuries. Lower blood pressure indicates the degree of injury
